OBJECTIVE-To compare the prevalence of and characteristics associated with early intervention (EI) program enrollment among infants born late preterm (34-36 weeks' gestation), early term (37-38 weeks' gestation), and term (39-41 weeks' gestation).
Developmental delay and disability are important indicators of adverse neurodevelopmental outcomes. Early intervention (EI) program services are available at no cost to any MA child meeting program eligibility for developmental delay or disability and in need of such services. Given the limited knowledge about the risk for long-term developmental morbidity among infants born late preterm and early term, and given the increasing rate of late preterm and early term births, we wanted to know if infants born late preterm and early term have higher prevalences of EI program services enrollment than infants born at term. If such differences exist, these infants may benefit from more frequent monitoring for developmental delays or disabilities. Also, it may further discourage early obstetric intervention in the absence of medical indications.
Our study objectives were to (1) investigate the prevalence of and characteristics associated with EI program enrollment in MA, comparing infants born late preterm (34 0/7 -36 6/7 weeks' completed gestation) to infants born early term (37 0/7 -38 6/7 weeks' completed gestation) and at term (39 0/7 -41 6/7 weeks' completed gestation); (2) examine the association between gestational age and EI program enrollment; and (3) describe EI program services utilization by gestational age groups.
METHODS

Study Population and Design
We analyzed a cohort of singleton children born late preterm, early term, and term in MA hospitals to resident mothers and followed children via records from birth untilage 3 years. Data were derived from the MA Pregnancy to Early Life Longitudinal Data System (PELL). PELL is a longitudinally linked and relational data system with information on mothers and their children from delivery and birth through early childhood. The PELL data system uses deterministic and probabilistic methodologies to link vital statistics records (birth and death certificates), hospital utilization, and public health programs' participation data by using LinkPro software (InfoSoft, Inc, Winnipeg, Manitoba, Canada). PELL is a public-university partnership among the Boston University School of Public Health, the MA Department of Public Health, and the Centers for Disease Control and Prevention, the funding agency.
For this analysis, we used MA birth certificates from January 1, 1998, through December 31, 2005, linked to their corresponding infant death certificates, infant birth hospital discharge records, and EI program participation data from January 1, 1998, through December 31, 2008 , to allow for 3 years of potential EI enrollment. We restricted our analysis to singleton births, 34 to 41 weeks' gestation who survived the neonatal period. Neonatal deaths were excluded because we wanted to examine factors associated with EI enrollment among surviving infants. Because obstetric decision-making and practices around age at delivery is different for twins and singletons, we excluded twins from the analysis. Also, in MA, nearly 40% of twins are conceived with assisted reproductive technology; twins who are conceived via in vitro fertilization have increased rates of preterm birth and other morbidity compared with spontaneously conceived twins. 21 The PELL data system linked over 99% of MA birth certificates to MA birth hospitalization records and infant death certificates, and 83% of EI program records could be linked to birth certificate records. Children of families that moved to MA after the child's birth could not be linked to the MA PELL data system, because linkage to EI program participant records depends on MA residency at the time of participation, not on MA birth. Approximately 5% of MA residents (0-5 years old) moved in or out of state annually.
We classified births as late preterm(34-36 weeks), early term (37-38 weeks), and term (39-41 weeks) based on gestational age. We estimated gestational age by using both last menstrual period (LMP) and clinical estimate as reported on the birth certificate (in completed weeks). The clinical estimate of gestational age was substituted for the LMPbased estimate of gestational age when the measures differed by >2 weeks. 22 As defined by Clements et al, 23 children were classified as enrolled in the MA EI program if they had completed an Individual Family Service Plan, regardless of whether they received services. An Individual Family Service Plan is completed after referral and formal evaluation for eligibility. Using the service delivery records and claims data set, we examined type of EI program services used (eg, developmental specialist, occupational therapist, and speech language pathologist); number of EI program services used; and number of calendar years enrolled.
Covariates selected were known risk factors for developmental delay or disability and for preterm birth and were available in the PELL data system. Variables derived from birth certificate responses included infant gender, maternal education, maternal age, parity, raceethnicity, pregnancy complications, labor and delivery complications, congenital anomalies, mother's language preference, maternal nativity, and the Adequacy of Prenatal Care Utilization Index. 24 Payer at time of delivery was derived from variables from birth certificate and hospital discharge records.
First, to investigate infants at highest risk for enrollment in EI program services, we compared the prevalence of children enrolled during the first 3 years after birth among infants who were born term, early term, and late preterm by maternal and infant characteristics. Prevalence risk ratios describe independent associations between these characteristics and enrollment in EI program services by gestational age groups. Second, we examined the association between gestational age and enrollment in EI program services by calculating crude and adjusted risk ratios (aRRs) and 95%confidence intervals (95% CIs). 25 Finally, we compared EI program service-type usage, frequency of service, and number of calendar years enrolled by gestational age group. Service-type usage was compared with percentages, whereas service frequency and years of use were compared with means and SDs. Due to confidentiality, the exact date of service was unavailable to calculate the actual length of enrollment, and thus we calculated calendar years.
To examine the association between gestational age and EI program enrollment, we estimated risk ratios by using generalized estimating equations with a modified Poisson regression. 25 Unlike logistic regression, this modified Poisson approach allowed for direct estimation of the risk ratio. This is important as the risk ratio, as opposed to the odds ratio, is the preferred measure when an outcome under evaluation is frequent. We fit both unadjusted and covariate-adjusted risks on the log scale, together with robust variance estimators. In addition, because some children in our study were siblings, using generalized estimating equations allowed us to account for within-family correlation in our data. All data were analyzed by using SAS software, version 9.2 for Windows (SAS Institute, Inc, Cary, NC). Because of our large sample, we chose not to include P values as even small differences would be statistically significant.
RESULTS
Our final study population comprised 554 947 infants: 27 345 late preterm, 116 035 early term, and 411 567 term. Figure 1 outlines the study selection process revealing inclusion and exclusion criteria. The distributions of selected characteristics of our participants are shown by gestational age group in Table 1 . The highest proportions of infants were boys and those without congenital anomalies. The highest proportions of mothers were 25 to 34 years old, had an education level beyond high school, and were non-Hispanic white, privately insured, US-born, preferred speaking English, nulliparous before the index child, and received adequate prenatal care. Pregnancy and labor and delivery complications were more common among infants born late preterm than those born early term or term.
The prevalence of enrollment in the EI program increased with each decreasing week of gestation before 41 weeks, ranging from 11.1% at 41 weeks' gestation to 34.9% at 34 weeks' gestation (Fig 2) . By gestational age grouping, the prevalence of enrollment was 23.5% among late preterm infants, 14.9% among early term infants, and 11.9% among term infants (data not shown). However, the absolute number of term births enrolled (n = 49 084) was 7 times higher than late preterm births (n = 6423) and nearly 3 times higher than early term births (n = 17 240).
For most characteristics, the prevalence of enrollment in EI program services by gestational age group was highest for late preterm births, followed by early term and term births ( Table  2 ). Late preterm infants born to mothers with less than a high school education had the highest prevalence of enrollment for all gestational age groups (29.9%), whereas term infants who were girls or with Asian and Pacific Islander mothers had the lowest prevalence.
Adjusted analyses of factors associated with EI program service enrollment for each gestational age group are shown in Table 2 . For all gestational age groups, the strongest predictors of enrollment (aRR ≥1.20) were male gender and presence of congenital anomalies at birth as well as infants of mothers who were ≥40 years old, not high school graduates, and publicly insured.
Earlier gestational age was associated with an increased risk of EI enrollment after adjusting for gender, congenital anomalies, maternal age, education, race/ethnicity, delivery payer source, preferred language, nativity, and parity (Table 3) . A linear trend of increasing risk was observed with nonoverlapping CIs for each gestational week from41 to 34 weeks. Also, when analyses were adjusted for pregnancy complications, labor and delivery complications, and prenatal care use, similar magnitudes of risk were observed.
EI Program Service Usage
The most frequently used services among EI program enrollees were developmental specialists, occupational therapists, and speech and language pathologists (Table 4) . We did not observe major differences in the types of services children received once enrolled among the different gestational age groups. Some minor differences include higher proportions of children using speech language pathologists if born early term (69.3%) and term (70.3%) compared with those born late preterm (62.9%), and higher proportions of children using physical therapy and nursing services if born late preterm (56.4% and 37.8%) compared with early term (48.8% and 33.1%) and term (47.8% and 31.8%) counterparts. On average, each child used 4 program services regardless of gestational age group. Calendar year data revealed that infants born late preterm were enrolled in EI program services slightly longer (~1 month) than early term and term counterparts.
DISCUSSION
Our study revealed that earlier gestational age is associated with increased prevalence of EI program service enrollment among singleton, neonatal survivors born 34 0/7 through 41 6/7 completed weeks' gestation. Enrollment increased with each week of gestation before 41 completed weeks with approximately one-third of children born at 34 completed weeks' gestation and one-fourth of children born at 35 completed weeks' gestation enrolled in the MA EI program. Male children and those with mothers who were ≥40 years old, not high school graduates, and publicly insured had the highest prevalence of enrollment; Asian children had the lowest compared with other race-ethnicity groups. Developmental specialists, occupational therapists, and speech and language pathologists were the most frequently used EI program services regardless of gestational age group.
Our findings are consistent with 2 other studies examining developmental delay and disability by using EI program services data from less educated and more racially and ethnically diverse populations. In 1 study, a 1996-1997 Florida birth cohort was used, 14 and in the other, a 1999-2001 New York City birth cohort was used. 26 In the Florida study, infants born late preterm had a higher risk of participation in EI than infants born at term (aRR, 1.36 [95% CI, 1.29-1.43]). We also observed a decline in prevalence of EI enrollment as gestational age increased, with a less apparent decline after 39 weeks' gestational age. In the New York City study, the authors reported 21% of infants born late preterm and 14% of infants born early term were referred for EI program services, compared with 12% of infants born at term. These studies and ours contribute to growing evidence of increased risk for long-term adverse developmental outcomes such as behavioral problems, cerebral palsy, poor academic performance, and special education needs among children born late preterm and early term, compared with their term counterparts. [12] [13] [14] [15] [16] [17] [18] [19] However, most studies had not differentiated early term from term infants.
Although late preterm infants may not have the same degree of risk for neurologic insult as their more preterm counterparts, their developing brains are still only 65% the weight of full-term brains and have not completed important glial and white matter interconnections. [27] [28] [29] And among early term infants, neuronal maturation continues. Both late preterm and early term infants are vulnerable to predelivery (eg, hypoxia, circulatory perturbations) and postdelivery events (eg, respiratory distress, apnea, hypoglycemia, and hyperbilirubinemia) that might adversely affect neurodevelopment. 27, 28, [30] [31] [32] [33] Understanding the magnitude of the effect of gestational age at birth on developmental delay on the full spectrum of preterm infants has implications for EI program planning, resource allocation, and physician practices for monitoring neurodevelopment. Early educational intervention services can have long-lasting favorable effects on cognitive and social outcomes, and children born late preterm may derive the most benefit. The Infant Health and Development Program 34 revealed that preterm infants weighing 2001 to 2500 g at birth (corresponding mostly to infants born late preterm) and exposed to a comprehensive EI program had improved behavioral, reading, and mathematics outcomes when measured at 3, 8, and 16 years compared with those who had received follow-up services only. Infants born at lower birth weights, or very preterm, did not derive a measurable benefit from EI services. Also, mean expenditures for EI services for children aged 0 through 3 years decline with increasing gestational age: <28 weeks: $7182; 28 to 30 weeks: $5254; 31 to 33 weeks: $2654; 34 to 36 weeks: $1321; and 37 to 39 weeks: $697 17 ; however, more infants born in the later gestational age groups results in larger absolute numbers.
Our study has several strengths including population-based data derived from a longitudinally linked data system and a large sample size. Also, our study may be less prone to misclassification and overestimation of preterm births (ie, misclassifying term infants as late preterm) infants because we estimated gestational age by using a combination of LMP and clinical estimate. 22, 35, 36 This reduction in bias may provide more accurate estimated relative risks compared with earlier studies that estimated gestational age without using clinical estimates.
Despite these important strengths, our study does have some limitations. First, our findings likely undercount the true number of MA children with a developmental delay or disability, because we could only observe those who enrolled in the EI program. However, our findings are consistent with previous work revealing lower EI participation among MA children born to non-English speaking and/or foreign-born mothers. 23 This population may be less likely to know what services are available and may not have the skills or resources needed to receive appropriate services. 37 It could also be that parents whose primary language is not English may choose not to refer their child or follow through with the referral, perhaps owing to cultural beliefs and lack of perceived need. Additional strategies may be needed to engage these populations. Second, although we had a high linkage rate of birth certificates to hospital discharge and death certificate records, 17% of EI records could not be linked to birth certificate records. We could not determine if nonlinked EI data were biased in relation to the presence or absence of certain birth characteristics because of the unavailability of birth certificate and birth hospital discharge information on children enrolled in EI who were born out of state or were adopted. Third, like all other studies that rely on vital statistics and administrative data, we were constrained to routinely collected data, and therefore, unmeasured differences may have led to residual confounding. Finally, the generalizability of this study to other states with more or less aggressive EI recruitment and eligibility and higher rates of late preterm and early term birth is unknown.
CONCLUSIONS
MA infants born late preterm and early term have higher prevalence of EI program services enrollment than infants born at term, and risk increases with each week of gestation before 41 weeks. Because enrollment in EI program services is a good proxy for concern of developmental delays, this study suggests that gestational age at birth may have independent long-term developmental impacts. From the pediatrician's perspective, infants born late preterm and early term may benefit from more frequent monitoring for developmental delays or disabilities than the general population. Delivering care in the context of a familycentered medical home may facilitate early identification and appropriate management of developmental issues. From obstetrician's perspective, caregivers should be counseled about potential developmental delay or disability. Because of increased risk of morbidity and mortality of infants born before 39 weeks' gestation, the American Congress of Obstetricians and Gynecologists 38, 39 and the March of Dimes 40 "Healthy Babies Are Worth the Wait" education campaign advise against nonmedically indicated deliveries before 39 weeks' gestational age. Given increasing rates of late preterm and early term infants, this study has important implications for MA EI program planning, and for informing developmental screening decisions and anticipating developmental service delivery needs.
WHAT'S KNOWN ON THIS SUBJECT
Infants born late preterm and early term are at increased risk for short-term morbidities compared with term infants. Longer-term morbidity and disability in this group of infants is not well established.
WHAT THIS STUDY ADDS
Massachusetts infants born late preterm and early term are at increased risk of early intervention program enrollment than term infants. Boys and children whose mothers were less educated, older, and with public insurance were most affected. 
